activity that is recorded at any cell need not necessarily have originated in that cell, but could have been propagated from a neighboring cell. Also, the electrical response exhibited by a cell in a syncytium depends not only on the biophysical properties of that individual cell, but is also influenced by various syncytial features. These include the extent of electrical coupling between cells, the size of the syncytium, the arrangement of cells in the syncytium, and also the location of the cell within the syncytium. We propose that the ability of APs to propagate through a syncytium is affected by these syncytial features. In addition, the AP profile itself is also likely to determine its capacity to propagate, as was demonstrated in a preliminary study (Appukuttan et al., 2015b) . The latter is particularly relevant to the detrusor smooth muscle (DSM) of the urinary bladder wall, as DSM cells are known to form electrical syncytia (Fry et al., 2004) , and exhibit action potentials of varying profiles, i.e. varying in shape and size (Meng et al., 2008) .
Neither the origin nor the need for this diversity in AP profiles is presently understood. Though the present study is relevant to electrical syncytia in general, we direct our focus on the DSM of the urinary bladder wall in view of the added complexity of diversity exhibited in AP profiles.
The urinary bladder manages both the storage as well as voiding of urine.
During the storage phase, the bladder wall undergoes localized contractions to maintain tone as the bladder increases in volume with the accumulation of urine (Drake et al., 2003; Andersson, 2010; . In the voiding phase, coordinated contractions along the bladder wall result in emptying the bladder. Studies have attributed the localized contractions to spontaneously occurring APs, while the coordinated contractions are a result of nerve-evoked APs (Andersson, 2011) . It is imperative to note the role of APs in both the phases -storage as well as voiding. The former warrants limited spread of the APs, whereas the latter requires a wider coordinated spread. Therefore, the regulation of AP propagation through a syncytium is crucial to the physiological functioning of the detrusor.
Experimental investigation of the electrophysiological properties of syncytial tissues, especially the detrusor, is inherently difficult owing to the small size of the cells and their complex innervation. It is further compounded by Appukuttan et al. 103 the need for simultaneous impalements of multiple cells in the syncytium, in order to study syncytial features (Bramich and Brading, 1996; Hashitani et al., 2004 propagation in a syncytium (Appukuttan et al., 2015b) .
In the present work we analyze the initiation and propagation of APs having different profiles under different syncytial environments.
The detrusor, as stated earlier, is known to exhibit multiple AP profiles.
The DSM cells possess an ensemble of nine or more different ion channels that contribute towards the generation of these AP profiles (Brading, 2006; Brading and Brain, 2011; Petkov, 2011; Steers and Tuttle, 2009) (Purves, 1976; Bennett et al., 1993) .
RESULTS
We first present the effect of variations in AP profiles on its capacity to propagate through a syncytium. This is followed by an investigation of various syncytial features, and their influence on AP propagation. 
Varying AP Shapes
In a preliminary study (Appukuttan et al., 2015b) , we had shown the successful propagation of APs, generated via the HH mechanism, through a syncytium.
However, the detrusor APs were known to be different in shape and much wider in time course (30-50 ms) than the HH type (< 5 ms). We therefore scouted modelDB (Hines et al., 2004) , a repository for computational models, for published models of action potentials that showed a good contrast to the HH type.
The primary criteria were a much larger time course and variation in overall shape. The action potentials produced in the atrial cell model by Courtemanche et al. (1998) fitted our requirements. It was found that the atrial AP, when evoked at a cell in our syncytial model, was unable to propagate even to its immediately neighboring cells (Appukuttan et al., 2015b ). 
Varying Topology
In the previous section, we investigated 
Differences in Excitability
In the previous section, we saw that This fits well with reports in experimental studies that spontaneous action potentials and calcium transients are found to originate at bundle boundaries (Hashitani et al., 2001 (Hashitani et al., , 2004 . Tomita (1967) reported that for the guinea-pig vas deferens, another syncytial smooth muscle organ, in 80%
of the cells that were stimulated by intracellular current injection, no AP could be triggered. Stimulus strengths up to 4 nA were employed. These same cells were found to exhibit action potentials when stimulated via large external electrodes. Such observations can be explained using our model of smooth muscle syncytia. As opposed to the detrusor smooth muscle, the guinea-pig vas deferens is reported to be electrically well coupled (Tomita, 1967; Bywater and Taylor, 1980; Rahman et al., 2009) hypothesized that during detrusor instability, an increase in the gap junctional coupling takes place (Brading, 1997) , thereby allowing the spread of these spontaneous action potentials. This is supported by experimental studies, using electron microscopy and immunolabeling, which suggest an increase in gap junctional coupling under pathology (Elbadawi et al., 1993; Haferkamp et al., 2004; Neuhaus et al., 2005 The results presented here provide considerable insight into the functioning of syncytial tissues, and help further our understanding of syncytial tissues both in physiology and in disease.
